The effects of changes in foreign portfolio investment flows on Brazilian GDP and investment during the financial crisis of 2008 are evaluated through impulse-response functions, parsimonious models, and out of sample forecasts. Impulse-response functions results show a positive relation between fixed income flows and GDP and investment, but this relation is not as strong between the real variables and equity flows, although these flows anticipate GDP and investment behavior. Expectations seem to have an important role in explaining GDP and investment, which also have an influence on flows. The reduced vulnerability of the Brazilian economy consequently lessened the effect of the crisis when compared with previous crisis episodes. 
Introduction
In this paper the relationship between financial flows and real variables in Brazil will be explored. The real variables are GDP and investment growth. The financial flows to be analyzed are foreign portfolio investment (FPI) flows trade in the country, because these flows are more prone to be immediately affected by changes in domestic and international scenarios. The hypothesis is that the financial flows are not enough to explain the downturn of the economy, but that the decisions which led to flow reversal and reduced investment are influenced by the same sort of expectations.
Foreign portfolio investors heavily withdrew resources from Brazil in the final quarter of 2008, even without changes in the country's macroeconomic fundamentals, which could help to explain the fall in GDP and investment during the crisis through a financial channel, the FPI flows, due to changes in expectations. Such a change in expectations could be a higher uncertainty perception and the -fly to quality‖ result as a consequence. These possibilities will be tested through the relation between GDP growth and changes in investments and the following financial variables: domestic interest rate, real effective exchange rate, country risk, and FPI flows. Results show that the drops in investment and GDP were greater than what would be expected from the outflow of FPI. This means that domestic agents reacted to the crisis in a very pessimistic way, or were more risk averse, which led to a greater fall in GDP and investment than the reaction of FPI, without previous deterioration of external or fiscal accounts. On the other hand, historical experience shows that flows react to fiscal and external accounts figures, which means that if the variables related to them were not good, the fall could have been even worse. In other words, it seems that sound macroeconomic policy paid off and allowed for a relatively fast recovery of the Brazilian economy.
There is an important theoretical and empirical relation between risk and interest rates. In a fixed exchange regime, higher risk should lead to a higher interest rate, in order to attract capital and avoid the depletion of international reserves. In other words, when the risk is higher on bonds from domestic issuers, the interest rate has to be higher to maintain parity with international rates. In a floating exchange rate regime the higher risk results in capital leaving the country, and domestic currency will then depreciate. Given a pass-through from external to internal prices, exchange rate depreciation has to be followed by higher interest rates in order to fight inflation rates. This means that risk should lead the policy interest rate.
The relation between risk and exchange rate depends on the exchange rate regime. It is customary for the Brazilian Central Bank to intervene in the market, trying to influence the exchange rate or its volatility. Risk, on the other hand, is only market determined. Both risk and exchange rates can be influenced by the same perceptions and information, but the exchange rate should be less sensitive, because of its relations to the real economy through imports, exports, factor remunerations, and not only financial market indicators like risk. Flows may depend on operational arrangements, unlike risk. Thus, flows will not react to the other variables as fast as risk. As the Brazilian Central Bank adopted a semi-fixed exchange rate from 1995 to 1998, a dummy variable will be included for this period.
The crisis has shown again that financial variables have an influence on the behavior of the real economy and how strong this influence can be. Suppressing or reverting previous finance flows had strong impacts on economic growth around the world. In the specific case of Brazil, there was an initial belief that the crisis initiated in 2008 would not strongly affect the economy because it was not generated in the country and Brazilian economic fundamentals were strong. In fact, Brazil and other emerging economies were harshly affected. If the cause of decreased output in emerging economies is not in respective local economy fragilities or economic policies, there has to be a link between the local and world economies which leads to the fall. Given that this crisis originated mainly in the financial system (AÏT-SAHALIA et al., 2010) , the operation of the financial system or international flows of resources could be a good first guess for the origin of the problem. If the flows were responsible, an econometric model linking the flows and real variables should detect them as the cause. The question raised in this paper is if the reversal of FPI flows is enough to explain the slowdown of the Brazilian economy after the crisis. The channels that are working are not modeled, but some hints of the operation can be derived from the results.
The paper is structured as follows. In the second section a very brief theoretical revision is presented. It relates to financial flows and their importance for growth, current account and foreign reserves and their relation with economic policy and the exchange rate regime. In the third section the data are explained and put in perspective, along with the descriptive statistics. Section four shows the econometric results and discussion. It covers the impulseresponse functions, parsimonious models, and out of sample forecasts. Section five presents the concluding remarks. The results show that the changes in the real variables are not only a reaction to the flow, but that expectations, not only the flows themselves, seem to have had a major role.
Importance of flows, balance of payments, and exchange rate
Relying on FPI for financing economic growth assumes the risk that a country become dependent on FPI flows, and if and when these flows revert, domestic growth is hampered (GRIFFITH-JONES and OCAMPO, 2009) . The effects of the instability of the financial flows are explored in literature on sudden stops (CALVO, 2003) and current account reversals (EDWARDS, 2008) . When a sudden stop happens it is necessary to reduce domestic absorption, because less international financing is available as a counterpart to the current account deficit. This lessens the demand for imported products but also for domestic output with foreign inputs, induced by higher costs of imported products given by a depreciated exchange rate or barriers to imports. In more open countries the costs are lower (EDWARDS, 2008) . The sudden stop has more immediate effects on the economy than current account reversals (EDWARDS, 2007) .
International financing through FPI can have a stabilizing effect on the economy if the flows occur when the asset prices are low. FPI can also be a feasible financing alternative, diversifying sources of finance. The volatility of the flows is unavoidable because they react to constantly revised information (ERRUNZA, 2001 ). The -market sentiment‖ plays an important role in the determination of flows (BAEK, 2006) .
The effect of the flows on real variables can happen through the effect on demand via exchange rate or credit, or indirectly by influencing the behavior of the financial system. The effect through exchange rate or credit means that higher inflows would lead to an appreciation of the domestic currency, stimulating imports and making domestic production relatively costly, thus inhibiting its growth. On the other hand, an appreciated currency can induce higher investment in imported equipment and software. The domestic financial institutions or firms could employ international resources as funding to expand domestic credit or investment, thus leading to higher growth.
The short run effects, through current account financing and exchange rates, are important and the strong swings in flows give importance to the effects of the FPI. Because of these interrelations between flows and real variables beyond the flows, other variables that are important for the behavior of GDP and investment have to be considered. The exchange rate will affect prices of domestic output relative to foreign, which has an impact on output. On the other hand, the exchange rate reacts to expectations and could be a risk indicator in the short run. Expectations about the domestic economy will also be reflected in the country's risk. The hypothesis is that GDP and investment are negatively affected by local currency depreciations and higher country risk. The channel for this could be the financial gap, because of the influence on flows, or shared expectations about the Brazilian economy among domestic producers, consumers, and foreign investors. This would lead to the possibility that foreign investment flows are related to domestic GDP and investment not only because there is more (less) financing available in periods of optimism (pessimism) but also that the evaluation of the future of the economy by domestic and foreign agents is similar. The interest rate is also included and could work through a direct relation to demand for consumption or investment or indirectly through the exchange rate, with a negative relation between interest rate and GDP and investment.
The economic fundamentals and their expectations have an important role in the behavior of financial variables, because in the long run financial assets have to reflect what happens to the real variables behind them. But these expectations also influence decisions about real variables like output and investment. This means that there is a strong link between fundamentals and financial variables, which is explored in literature, e.g. SOARES, PINTO, and MOREIRA (2010) , and TELES and LEME (2010).
Data, context, and descriptive statistics
It seems that real and financial variables in the Brazilian economy were behaving normally at the beginning of the crisis, with obvious links to the external scenario and influences from domestic economic policy. Things changed noticeably in the fourth quarter of 2008. GDP dropped and investments fell even more. Brazilian policy makers reacted through fiscal incentives in selected sectors and an ease on monetary policy. As a consequence, in the first quarter of 2009 Brazil's interest rate was reduced to its lowest level in history.
In the fourth quarter of 2008, Brazilian GDP fell 3.3% and investment fell 9.7% in comparison to the all-time peak observed in the third quarter. In the first quarter of 2009, the declines were another 1.5% and 12%. Recovery began in the second quarter of 2009. The relation of these shortfalls to the international crisis is not straightforward. Unlike previous crises that impacted Brazil, when the recent financial crisis became stronger and spread around the world, Brazil's external accounts situation was comfortable. By the end of September, 2008, the country had accumulated a bulk of 224 billion dollars in reserves, more than the total of the then 211 billion dollar external debt. The current account deficit was around 25 billion dollars in the 12 months prior to September, 2008, or about 1.6% of GDP. This deficit was easily financed by the FDI and FPI. This could mean that the impact of the crisis would be small in countries like Brazil, as believed by politicians like Brazil's then President Lula. As the data demonstrates, the crisis hit Brazil strongly and the channel for this effect is an interesting field of research.
Balance of payments data disaggregate FPI in four types of investments: equity traded in the country, equity traded abroad, fixed income traded in the country, and fixed income traded outside the country. As assets traded in Brazil have to be denominated in local currency, trading in the country or outside the country means that investors are exposed to different risks. Beyond the usual market risk, from the international investor's standpoint, assets traded in Brazil also incur the Brazilian currency exchange rate risk. There would be also the convertibility risk, given the possibility that the conversion of local assets in foreign exchange could be restricted or even prohibited. During the time span analyzed in this paper there has not been any restriction of this kind. Rather, it has been the other way around; in times of strong inflows taxes were imposed on inflows in order to try to reduce the flows. This difference in risks is one of the reasons for separating flows traded inside and outside the country. The other is that while flows related to trades inside the country can come from both primary and secondary markets, in the case of trades abroad only primary market operations are registered in the balance of payments. This means that only the first sale of equity or bonds and their repayments have an impact on the balance of payments. All the secondary market trades do not have a direct impact on Brazilian foreign assets and liabilities. One difference that arises between flows in the country and abroad is that the latter are subject to demand and supply shocks, which can lead to situations in which no operations are carried out at all. Secondary market operations can occur at any time, only by adjusting prices, while primary market operations are evaluated by issuers and buyers over the adequacy of the prices for the issuance to take place or not. The disaggregation of the flows between equity and fixed income follows the traditional classification of financial market assets.
Because the flows related to securities traded abroad are the primary issues or repayments of these securities and depend on the decisions of the Brazilian private sector or government to do so, only the flows related to trades inside Brazil are analyzed. In this way, the decisions of market participants to buy or sell Brazilian securities are feasible at any moment, because of the existence of a secondary market for equity and fixed income securities in Brazil.
It is expected that the behavior of the different flows will show differences between them, but they also should have similarities, due to the common underlying fundamentals of the Brazilian economy.
The data employed in this paper is described in Table 1 . An L at the beginning of the name of the variable means it is expressed in logarithms and D means it is the first difference of the series. Data are quarterly, from 1995 to 2009. rate. Risk shows high variability because of the structural change in Brazilian foreign accounts and volatility in international financial markets. Table 3 shows the unit root test results for the variables. These tests are carried out in order to avoid spurious results in the regressions. Log of GDP, log of investment, log of real effective exchange rate, and risk are stationary in first differences. The SELIC rate is level stationary. The equity flow is stationary, but the fixed income flow is not. An examination of the behavior of this flow, Figure 1 , shows that there seems to be a structural break in 2006Q1. Without enough observations to undergo the whole procedure suggested in PERRON (1989 PERRON ( , 1990 ), PERRON's (1989) suggestion of estimating two regressions with one autoregressive term for the period before and after the break is followed. A Wald test rejects the null hypothesis that the autoregressive coefficient is equal to one for each equation. This means that the variable is stationary with a structural break in 2006Q1. The reason for this break is the exemption of foreign investors from income tax on earnings from public debt securities from February, which leads to a hike in inflows. 
Results and analysis
This section will attempt to explain the behavior of the GDP and investment change variables. The models were estimated employing equity and fixed income flows through a VAR and a parsimonious model. An advantage of the VAR estimation is that it does not include contemporaneous relationships, avoiding the endogeneity issue. The impulseresponse functions were estimated with data for the whole period from 1995 to 2009. In the parsimonious models contemporaneous interaction is allowed for and was estimated for the whole period and for the subsample 1995Q1 to 2008Q3. The last estimation results were employed to evaluate the out of sample forecast capability of the models. Broadly speaking, the models tested are of the form:
DLGDP = f(DLINV, SELIC, DLER, FLOW, DRISK) DLINV = f(DLGDP, SELIC, DLER, FLOW, DRISK)
The Cholesky decomposition is employed for the impulse-response functions, which raises the question of ordering the variables in the VAR. The chosen order is: GDP-InvestmentInterest Rate-Exchange Rate-Flow-Country Risk. The change in GDP will be considered the most exogenous variable in the sense that it is the least prone to be influenced contemporaneously by the others, especially the financial variables. The economic explanation is that output decisions demand time until implemented. Financial asset prices, on the other hand, can change instantaneously. Investment changes also do not change instantaneously, but as this is a more restricted aggregate than GDP, the reaction can be faster than in GDP as a whole. The policy interest rate, SELIC, is defined in scheduled meetings of the Monetary Policy Committee of the Brazilian Central Bank. There is the possibility for exceptional committee meetings, but they are rare, representing only three out of the 147 total meetings in its history. This gives some rigidity to the interest rate. As a financial price variable, the interest rate changes instantaneously, but central banks are known to smooth the path of their interest rates. It is more likely that contemporaneous GDP and investment influence the interest rate than the other way around. The relation between interest rates and exchange rates is well established, as is the determinant role of expectations. As expectations can change quickly, exchange rates can also adjust quickly to expectations. This means that in a floating regime the changes in exchange rates can happen over time with more flexibility than interest rates. Exchange rates and FPI flows tend to have a feedback relation, because exchange rates will influence the relative price of assets as well as the supply and demand of foreign exchange. Beyond FPI, exchange rates will result from the balance of payments aggregate flows. As the current account transactions tend to react slower than financial flows to the economic environment, the exchange rate will react slower than flows, which means that flows are more endogenous at a given point of time. But, as current account expectations are already priced in the current exchange rates, changes in flows could also influence the exchange rate. As a robustness check the impulse-response functions were also run with flows before exchange rates in the Cholesky ordering, but generated almost identical results. Risk is based on bond market prices and will incorporate all the available information at any moment, being the most endogenous of the variables analyzed.
The impulse-response results reported below are generated by a VAR with seven lags, selecting the longest lag according to AIC, SC, or HQ criteria. Choosing the longest lag allows for real variables to react to financial variables.
The impulse-response results in Figure 3 show that there is a positive response in changes in GDP and investment to a shock in the flow of fixed income traded in the country. In absolute terms, the change of investment is higher. This result may be important in explaining the response of economic activity to changes in flows. For equity flows the relation is positive in the first six quarters, becomes negative, and is close to zero after 10 quarters. This pattern is consistent with how flows to the stock market anticipate the behavior of the economy and even overreact, with a net effect close to zero in the long run. For both flows the influence on GDP and investment changes follows the same pattern, with higher values for investment. This may indicate that there is a relationship between the flows and domestic real variables through investment, and indirectly to GDP. Table 4 shows the results of a parsimonious model for DLGDP and DLINV employing FC and EC flows, estimated with all the explanatory variables, following the general-to-specific strategy (HENDRY, 2001) , with only the variables significant at the 5% level left in the model. The model was estimated for the entire 1995-2009 period and then reestimated with the data up to the third quarter of 2008. Beyond the out of sample forecasts, this additional estimation was also useful as a robustness check of the results during the crisis period.
Figure 3 Impulse-Response results -Responses of changes in GDP (DLGDP) and Investment (DLINV) to an impulse in Fixed Income Flows (FC) and Equity Flows (EC)

Impulse-Response results in a VAR with EC flows
For the changes in GDP, columns 1 and 2, the FPI flows are not significant in the final model. This does not mean that the flow does not influence growth. The effect can be captured by other variables which are influenced by the flow, like interest rates or investment, both present in the model. A possible explanation coherent with this result is that the higher positive inflows allow interest rates to be lower, leading to higher investment, which has a positive relation with GDP growth. The autoregressive term of LGDP is negative, probably due to adjusments in GDP growth, correcting for growth that is too fast or too slow. The influence of the interest rate on GDP occurs with a lag, as expected, but the second lag is positive, which could be due to an overreaction of the GDP to changes in the interest rates or the effect of other lagged effects that also influence the GDP. Table 4 , the models show a strong positive relationship between changes in investment and changes in GDP, contemporaneous and with one lag. The contemporaneous effect is obvious because investment is part of GDP. The lagged effect of GDP on investment, on the other hand, means that GDP growth is an important determinant of investment. As the Brazilian economy is a relatively closed economy, with exports plus imports averaging 21.5% of the GDP from 1995 to 2009, this result indicates how important the development of the domestic economy is for investment. Both FC and EC flows have a contemporanous positive relation with the changes in investment. In the case of FC there is also a negative relation with two lags. This negative relation could be due to the negative relation with the first lag of GDP changes. The net effect of the the FC flows on DLINV is close to the value of the coefficient for the EC equation, meaning that a 1 billion dollar expansion in inflows is associated to an 1.5% expansion in GDP. The explanation for this positive effect is possible through various channels: 1) The foreign portfolio investment is the funding for the investments that are being made at each period; 2) Foreign investment inflows are related to appreciation in the local currency, and this appreciation makes importing investment goods cheaper, fostering investment; 3) Foreign portfolio investments and domestic changes in investment are both driven by the same expectations about future economic performance; 4) Investment and flows are both influenced by the same expectations about growth and risk. The positive relationship between flows and investment, based on investment funding, exchange rate channel, and expectations seem to be robust in this way.
It is interesting to note that the coefficient for the contemporaneous flow in the FC equation is smaller in the estimation containing the sample up to 2008Q3 (column 4), while the second lag is not significant. In the case of the EC equation (column 6), the contemporaneous coefficient is not statistically significant. This means that the relation between investment and growth became stronger during the crisis period, from the last quarter of 2008 to the fourth quarter of 2009. The negative flows at the end of 2008 and the beginning of 2009, when investment also had a strong downturn, may explain the stronger relation between the flow series and investment when the crisis period is included in the sample. This also gives support to the hypothesis that the flows are not directly responsible for investment changes, but that the expectations behind FPI flows and domestic investment during the crisis were similar.
The out of sample forecasts were generated with the observed figures of the explanatory variables, including the lagged values of changes in GDP (column 2 in Table 4 ) and investment (columns 4 and 6 in Table 4), with the equation estimated using data up to 2008Q3. In this way, forecast errors in one period are not carried over into subsequent periods. The observed and forecasted values with the two standard error interval are plotted in Figure 4 .
Results for the out of sample forecasts, Figure 4 , show that for DLGDP the model (column 2 in Table 4 ) actually predicted a fall in GDP in the fourth quarter of 2008, but this reduction in output was stronger than predicted. The forecast of a fall in output is due to the presence of the contemporaneous investment change in the DLGDP change equation. But it is unrealistic to think that the fall in investment was predictable. This is corroborated by the bad forecasts for the last quarter of 2008 and first quarter of 2009 in DLINV. Even considering that an outflow of fixed income portfolio investment occured in the fourth quarter of 2008 and would impact investment, the downturn was much stronger than estimated.
Both DLGDP and DLINV modeled forecasts improve from the first quarter of 2009. It seems that the positive relationship between the flows and investment is strong during the crisis period, not only in the downturn. The good fit in the investment equation is also reflected in the DLGDP equation through the contemporaneous effect between both real variables. This means that expectations, which are not directly observable, must have changed suddenly and affected investment even more than the financial flows. The fall in investment was transmitted to GDP because it is a component of GDP, but also because other items of GDP may have been hit through the same kind of negative expectations or risk aversion.
The forecast results for both GDP and investment change show that investment was a key factor in explaining poor GDP performance. The assumption of a correct forecast for investment, which would justify the forecast of GDP employing the contemporaneous observed value of investment change, certainly is difficult to accept for the fourth quarter of 2008. The forecasts for GDP changes would be even worse if true expectations and not observed values of the change in investment in the fourth quarter of 2008 were employed. In other words, the importance of investment seems to be one of the main variables in explaining the fall of GDP at the end of 2008. Results employing FC and EC render similar results in the forecasts because both react to all available information about the Brazilian economy, although FC is influenced by the structurally high Brazilian interest rates, which allow for carry trade operations even when interest rates in the rest of the world rise, given the high absolute difference between domestic and foreign interest rates.
The results for investment signify that a change occurred in this variable's behavior in relation to the previous period. Other factors beyond the variables included in the models are driving investment, most likely expectations and risk aversion. In-country investment and FPI flows can be influenced by the same expectations, but the reaction to investment was even stronger than the response in FPI.
Beyond exchange rates and interest rates, the transmission mechanism behind the relationship between flows and real variables includes unobservable variables such as expectations and risk aversion. Results of further impulse-response functions (not included, but available on request) show that a positive shock in FC is related to domestic currency appreciation and lower interest rates. For a shock in EC flows, the interest rate reacts as it would to an FC shock, while a clear relation with the exchange rate does not appear.
The relationship between the financial flows and real variables and the importance of expectations for both of them ends in highlighting that economic fundamentals and the expectations about them have strong roles in the behavior of the economy, confirming previous results in literature like SOARES, PINTO, and MOREIRA (2010) and TELES and LEME (2010). The stronger fundamentals of the Brazilian economy during the crisis of 2008 in comparison to previous crises allowed for a faster recovery, based on domestic demand.
Conclusion
The financial crisis of the last quarter of 2008 triggered a generalized fall in output throughout the world. Even fast-growing economies slowed their growth rates as a result. The recession was triggered in the financial sector and spread to the worldwide economy. In the case of emerging economies, there were mixed feelings. On the one hand, there was the traditional fear that with every crisis these economies would suffer because of their inherent higher risk. On the other hand, as the crisis originated in developed countries and the economic fundamentals of the emerging economies were better than in previous crisis episodes, there could be a -decoupling‖ of the emerging economies. Soon it was realized that the decoupling was not to happen.
As in other crises, the FPI flows went from countries and markets considered risky to safer assets, the flight to quality. The case of developing countries' flights to quality is not only related to flows from more risky stocks to less risky bonds, as in BAUR and LUCEY (2009), but also to outflows from a broader set of assets to developed countries. If emerging markets were dependent on the inflow of resources to finance their economic growth, the reversal of the flows would hamper the growth capabilities of these economies. In this case, there would be a link between the financial flows and growth. In fact, the FPI flows were negative in Brazil in the fourth quarter of 2008 and the first quarter of 2009.
The results of the impulse-response functions in this paper show that there is a positive relationship in the short run between fixed income flows and GDP changes and investment in Brazil. For equity flows this relationship is positive in the short run, turns negative, and then disappears after 10 quarters. This means that flows anticipate the behavior of the real variables. When allowing for contemporaneous relations between the flows and investment, the positive relationship is stronger when the crisis period is included in estimations instead of in the period preceding the crisis. This means that investment and flows are reacting to the same kind of expectations.
With more solid fundamentals concerning Brazilian fiscal and external accounts when the 2008 crisis erupted, FPI outflows were less intense in comparison to previous crises. It also allowed that broader economic policy measures could be adopted, due to greater degrees of freedom in government actions. The fundamentals and perspectives of the economy resulted in positive FPI flows by the second quarter of 2009. Beyond the theoretical explanations of the influences of FPI on the financial system, sound macroeconomic policies also affect the flows and the real economy through their effect on expectations. GDP growth was concentrated in domestic demand factors, namely consumption, and investment and flows followed this positive trend.
Further research will be necessary to explain the operation of the relations between FPI flows and growth. But it is clear from the results in this paper that the financial link is significant in explaining the behavior of growth and investment in the Brazilian economy, as are internal and external expectations, as well as the transmission mechanism behind it. Interest rates and exchange rates seem to have a role in this sense, meaning the effects of the flows have to be considered when economic policy decisions are made concerning interest rates or factors that may limit capital flows.
